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❖ Dynamical                solution 
results in the axion 
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Under a chiral rotation:
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, then this rotation is just a shift ✓ ! ✓ � 2↵
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➡      can be removed by field redefinition
➡ No longer physical
➡ Strong CP Problem solved

✓
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G. ’t Hooft.  “Computation of the Quantum 
Effects Due to a Four-Dimensional 
Pseudoparticle” Phys. Rev. D14 (1976)
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Massless Quark Solution
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❖ Why not an exotic quark?
❖ Must be somehow hidden

S. Aoki, et al, “Review of lattice results concerning low-energy 
particle physics,” Eur. Phys. J. C77 (2017), arXiv/1607.00299

❖ The simplest solution is to make the up quark massless in the 
UV, and have it obtain its apparent mass via QCD confinement

❖ Disfavored by lattice data

A. V. Manohar, C. T. 
Sachrajda, R. M. Barnett, 
“Quark Masses,” Particle 
Data Group (2016) 
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Reasons to Extend the Strong Sector 
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(1) Additional color interactions can 
alter the              relationship

(2) Hide massless quark in bound states

m = 0
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Massless quark content❖ Add a massless quark and a 
new gauge group

⇤̃ >> ⇤QCD

K. Choi, J. E. Kim, “Dynamical Axion,” Phys. Rev. D32 (1985)

❖ When               confines,     forms bound states SU(Ñ)  ⇠ ⇤̃

❖ Problem: The new group has its own CP violating angle

❖ Solution:  Absorb      with a new massless quark

✓̃
<latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit>

✓̃
<latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit><latexit sha1_base64="9IbDW7QTSxzfpP0ieOYbNGtB/l4=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokIeix68VjBfkATymYzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0hyZPZKI7ITMghYImCpTQSTWwOJTQDkd3M789Bm1Eoh5xkkIQs4ESfcEZWinwUcgIqI9DQNarVN2aOwddJV5BqqRAo1f58qOEZzEo5JIZ0/XcFIOcaRRcwrTsZwZSxkdsAF1LFYvBBPn86Ck9t0pE+4m2pZDO1d8TOYuNmcSh7YwZDs2yNxP/87oZ9m+CXKg0Q1B8saifSYoJnSVAI6GBo5xYwrgW9lbKh0wzjjansg3BW355lbQua55b8x6uqvXbIo4SOSVn5IJ45JrUyT1pkCbh5Ik8k1fy5oydF+fd+Vi0rjnFzAn5A+fzB537kfw=</latexit>
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Axicolor

�9

❖ When               confines:SU(Ñ)

SU(4)L ⇥ SU(4)R ! SU(4)V
<latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit>

15 = 8 + 3 + 3̄ + 1
<latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit>

Massless quark content❖ Add another massless quark      
.     charged under �

<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

SU(Ñ)

The       becomes the dynamical axion
❖ The decay constant is near the very high confinement scale
❖ This is then a UV completion for an invisible axion

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>
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Are there mass sources for all the axions?

�10

1.Add an additional color group 
to contribute to axion mass

➡ You can avoid this problem if you relate two of the     angles

Le↵ 3 ⇤QCD cos

✓
⌘0QCD

f⇡
+

a1
f1

◆
+ ⇤1 cos

✓
a2
f2

◆
+ ⇤2 cos

✓
a3
f3

◆
+ ...

<latexit sha1_base64="fqrTs6STivgkZe5wspSPCPAUGjM="></latexit><latexit sha1_base64="fqrTs6STivgkZe5wspSPCPAUGjM="></latexit><latexit sha1_base64="fqrTs6STivgkZe5wspSPCPAUGjM="></latexit><latexit sha1_base64="fqrTs6STivgkZe5wspSPCPAUGjM="></latexit>

2. Introduce a new     angle

3. Introduce a new axion 

4.Get stuck with a light axion again

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

 

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>



Rachel Houtz September, 2018�11

 

❖ Only one massless quark
❖ Complete       copy of the SM

❖ Set up one Higgs VEV to be very large:

❖ The                 -angle doesn’t 
introduce new CP violating 
effects

Z2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>

SU(3)2
<latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit><latexit sha1_base64="10exWBPdRZbCc8gL0aJXl7DfEwE=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGI0QUS2JBu6UJDt920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPi0UwSGsR4KFjECDZWaj/41Yvzfr1frrg1dw60SrycVCBHs1/+6g0kSWMqDOFY667nJibIsDKMcDot9VJNE0zGeEi7lgocUx1k83On6MwqAxRJZUsYNFd/T2Q41noSh7Yzxmakl72Z+J/XTU10HWRMJKmhgiwWRSlHRqLZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtOo1z61595eVxk0eRxFO4BSq4MEVNOAOmuADgTE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/tfWOfQ==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

⇤0
QCD � ⇤QCD

<latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit>

m0
q � mq
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Massless Quark and a     .Z2
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➡ Bound states composed of massless quarks live at ⇤0
QCD
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Color Unification
❖ Instead of a discrete symmetry, 

two color groups can be related 
by unification

K. Sundermeyer “Unified 
Field Theories,” Springer 
(2014)

❖ A single unified color sector 
with a single CP violating angle 
in the UV

T. Ghergetta, N. Nagata, M. Shifman, “A 
Visible Axion from an Enlarged Color Group,” 
Phys. Rev. D93 (2016)

V.A. Rubakov, “Grand unification and heavy 
axion,” JETP Lett. 65 (1997)
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Color Unified Dynamical Axion

�13

❖ Introduce massless quark 

❖ The new color group to allows      to form bound states near its 
confinement  ~TeV

❖ A bound state will be a 
dynamical axion, with its own                                           

                    relationship ma, fa
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M.K. Gaillard, M.B. Gavela, R. Houtz, P. Quilez, R. 
Del Rey, “Color Unified Dynamical Axion,” arXiv/
1805.06465

❖ QCD lives inside a larger unified color group, which breaks to 
QCD and             at some high unification scale

m = 0
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<latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit>

SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit>
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❖ The massless quark to absorb 

the unified group’s ✓6
<latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit>

❖ Below unification scale:

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>

 

SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit><latexit sha1_base64="vWpVs/CyXKTLAOo6VjFDIDtDBVc="></latexit>
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⇤CUT����!
<latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Goal: provide a 
mechanism for 
these fields to 
form mass terms

 

SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)

<latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit>
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SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)

<latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit>

❖ Add another color group
❖ Matter in the              sector can form mass terms with the 

unification partners. Then both are removed from the low 
energy spectrum.

SU(3)0
<latexit sha1_base64="HawP4iH/D3gdsF16VML8vfqYu84="></latexit><latexit sha1_base64="HawP4iH/D3gdsF16VML8vfqYu84="></latexit><latexit sha1_base64="HawP4iH/D3gdsF16VML8vfqYu84="></latexit><latexit sha1_base64="HawP4iH/D3gdsF16VML8vfqYu84="></latexit>

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ SU(3)0

<latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit>
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SU(6)
⇤CUT����! SU(3)QCD ⇥ SU(3̃)

<latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit><latexit sha1_base64="GggSKoiS/HUbi838S15QQ9Enn7w="></latexit>

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3)diag

<latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit>

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3̃)⇥ SU(3)0

<latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit><latexit sha1_base64="1dYKOIYUYKSqdAzxJ1TwsAq7J9c="></latexit>

❖ Similar gauge structure below 
❖ Below           , our strong sector has:

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

❖ Massless quarks

❖ SM quarks

Decoupling the SU(6) Partner Fields



Rachel Houtz September, 2018

❖ Similar gauge structure below 
❖ Below           , our strong sector has:

�18

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3)diag

<latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit><latexit sha1_base64="gEWMGtVMB3GJd41JOeSJgM3tjcM="></latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

⇤CUT
<latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit><latexit sha1_base64="W9fpwvWf5eoMEJfCay2fM8+UaWM=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5KIoMdiLx48VGjaQhvKZrNpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrwMIwM4/3doKUM6Ud59sqbWxube+Udyt7+weHR/bxSVslmSTUIwlPZDfAinImqKeZ5rSbSorjgNNOMG7M/c6ESsUS0dLTlPoxHgoWMYK1kfz+g4mGeJA3vNZsYFedmrMAWiduQapQoDmwv/phQrKYCk04VqrnOqn2cyw1I5zOKv1M0RSTMR7SnqECx1T5+eLoGbowSoiiRJonNFqovydyHCs1jQOTjLEeqVVvLv7n9TId3fo5E2mmqSDLRVHGkU7QvAEUMkmJ5lNDMJHM3IrICEtMtOmpYkpwV7+8TtpXNdepuY/X1fpdUUcZzuAcLsGFG6jDPTTBAwJP8Ayv8GZNrBfr3fpYRktWMXMKf2B9/gBsZ5Hc</latexit>

❖ Problem: We introduced 
another CP phase

❖ Solution: Add another 
massless quark

❖ Massless quarks

❖ SM quarks

 

The new massless quark

Decoupling the SU(6) Partner Fields
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Unification and Confinement

SU(3)diag QCD SU(6) SU(3)0
<latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit>

SU(3)diag QCD SU(6) SU(3)0
<latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit>

SU(3)diag QCD SU(6) SU(3)0
<latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit>

SU(3)diag QCD SU(6) SU(3)0
<latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit><latexit sha1_base64="1h75AyDRYoTuIOqUX1niSXssZQE="></latexit>



Rachel Houtz September, 2018

 Confinement

�20

16 = 8c + 3̄c + 3c + 1c + 1c
<latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit>

 

 

❖ Chiral symmetry breaking: 

❖ This results in 16 pGB’s:

❖ The “pion” masses:

SU(3)diag
<latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit><latexit sha1_base64="qW0LuN3qcZYoe/gcJQoMopJnxYg="></latexit>
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<latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit>

This looks like two masses for three      pseudoscalars⌘0
<latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit>
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fd
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<latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit><latexit sha1_base64="DFxFKjPS+GcIyVfJcGcDXch0960="></latexit>

U(4)L ⇥ U(4)R ! U(4)V
<latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit>

❖ The      masses:⌘0
<latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVc MmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVc MmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit><latexit sha1_base64="0i628BMsH8tM8pEIFM+WfhKwi0A=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbRU0lE0GPRi8cKpi20oWy2k3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTHHyeyER3QmZACgU+CpTQSTWwOJTQDsd3M7/9BNqIRD3iJIUgZkMlIsEZWsnvAbLzfrXm1t056CrxClIjBZr96ldvkPAsBoVcMmO6nptikDONgkuYVnqZgZTxMRtC11LFYjBBPj92Ss+sMqBRom0ppHP190TOYmMmcWg7Y4Yjs+zNxP+8bobRTZALlWYIii8WRZmkmNDZ53QgNHCUE0sY18LeSvmIacbR5lOxIXjLL6+S1mXdc+vew1WtcVvEUSYn5JRcEI9ckwa5J03iE04EeSav5M1Rzovz7nwsWktOMXNM/sD5/AFqfo5p</latexit>

⇠ ⇤4
diag

<latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit><latexit sha1_base64="OwCFql/kYzDYOmfMHO7dR8MsUkI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoMuiGxcuKtgHNDFMJpN26OTBzI1YQsGNv+LGhSJu/Ql3/o3TNgttPTBwOOce7tzjp4IrsKxvo7S0vLK6Vl6vbGxube+Yu3ttlWSSshZNRCK7PlFM8Ji1gINg3VQyEvmCdfzh5cTv3DOpeBLfwihlbkT6MQ85JaAlzzxwFI+wc60TAfEcYA+QB5z0x3d1z6xaNWsKvEjsglRRgaZnfjlBQrOIxUAFUapnWym4OZHAqWDjipMplhI6JH3W0zQmEVNuPr1hjI+1EuAwkfrFgKfq70ROIqVGka8nIwIDNe9NxP+8XgbhuZvzOM2AxXS2KMwEhgRPCsEBl4yCGGlCqOT6r5gOiCQUdG0VXYI9f/IiaZ/WbKtm39SrjYuijjI6REfoBNnoDDXQFWqiFqLoET2jV/RmPBkvxrvxMRstGUVmH/2B8fkD67qXsA==</latexit>
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Small Size Instantons and Axion Mass
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❖ Typically, at high scales            is very small
❖ If new physics alters RG flow, large couplings can induce new 

instanton corrections to the axion mass

SU(3)⇥ SU(3)⇥ ...⇥ SU(3) ! SU(3)c
<latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit><latexit sha1_base64="uI1TxGNfdi84pbGsmShqpZ6Wfh8=">AAACHHicbZBNS8NAEIYnftb6FfXoZbEI9RISK+ix6MVjRdMW2hA22027dPPB7kYooT/Ei3/FiwdFvHgQ/Ddu2xxq68DCM+/MMDtvkHImlW3/GCura+sbm6Wt8vbO7t6+eXDYlEkmCHVJwhPRDrCknMXUVUxx2k4FxVHAaSsY3kzqrUcqJEviBzVKqRfhfsxCRrDSkm/W7t1q7ayrWEQlmmPLstC8qpNkRj7xzYpt2dNAy+AUUIEiGr751e0lJItorAjHUnYcO1VejoVihNNxuZtJmmIyxH3a0RhjvdbLp8eN0alWeihMhH6xQlN1fiLHkZSjKNCdEVYDuVibiP/VOpkKr7ycxWmmaExmi8KMI33oxCnUY4ISxUcaMBFM/xWRARaYKO1nWZvgLJ68DM1zy7Et5+6iUr8u7CjBMZxAFRy4hDrcQgNcIPAEL/AG78az8Wp8GJ+z1hWjmDmCP2F8/wKw9Z3+</latexit>
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Nonperturbative 
effects just above     
           can contribute 
to the axion potential 
⇤CUT
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Typical contributions 
from            confinement ⇤diag
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❖ Collider accessible states 
are QCD colored “pions”

  

❖ We have a bound on 
color octet scalars

⇤diag & 2.9 TeV
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❖ Unification and confinement are naturally separated by RG flow

Summary 
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❖ The Strong CP Problem can be solved using massless quarks 
and unification

‣ Decoupling the unification partner fields requires 
additional model building

❖ Small size instantons provided an extra source of mass for axions

❖ Most promising collider signals come from the exotic pions

SU(6)⇥ SU(3)0
⇤CUT����! SU(3)QCD ⇥ SU(3)diag
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Conclusions
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❖ Symmetries are usually needed to simplify the CP violating 
phases

❖ Extra color groups provide a window to richer phenomenology

❖ Massless quarks still viable

❖ Nonperturbative effects of extra color groups can provide 
another source of axion mass

m2
af

2
a ⇡ m2

⇡f
2
⇡
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❖ Visible axions
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❖ We have a bound on 
color triplet scalars

m(⇡d) & 890 GeV
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⇤diag & 3 TeV
<latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit>
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Matter Content Above and Below CUT Breaking







































































































































SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Obtain mass 
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breaking 
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The pseudoscalar mixing in QCD

M2
⇡3,⇡8,⌘0,a =

0

BBBBBB@

meson

mixing

0

0

p
6⇤4

f9fa

0 0

p
6⇤4

f9fa
⇤4

f2
a

1

CCCCCCA

<latexit sha1_base64="MFt/l4sbCTU0u/lqZ5LJOaiNsgo="></latexit><latexit sha1_base64="MFt/l4sbCTU0u/lqZ5LJOaiNsgo="></latexit><latexit sha1_base64="MFt/l4sbCTU0u/lqZ5LJOaiNsgo="></latexit><latexit sha1_base64="MFt/l4sbCTU0u/lqZ5LJOaiNsgo="></latexit>

m2
af

2
a ⇡ mqh ̄ i ⇠ m2

⇡f
2
⇡

<latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit>

m2
af

2
a =

⇤4

1 + ⇤4

2mqh ̄ i
<latexit sha1_base64="JcODyaYetYmNbDyCLB+5PAtSMHA="></latexit><latexit sha1_base64="JcODyaYetYmNbDyCLB+5PAtSMHA="></latexit><latexit sha1_base64="JcODyaYetYmNbDyCLB+5PAtSMHA="></latexit><latexit sha1_base64="JcODyaYetYmNbDyCLB+5PAtSMHA="></latexit>

⇤�mq����!
<latexit sha1_base64="dbL6bVivUoAI7L5tA3mIqXx43kE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLAwMRaIPqakix3FSq3YcbAeooo4s/AoLAwix8gls/A1umwFajmTp6Jx7dH1PkDKqtON8W6WFxaXllfJqZW19Y3PL3t5pKZFJTJpYMCE7AVKE0YQ0NdWMdFJJEA8YaQeDi7HfviNSUZHc6GFKehzFCY0oRtpIvr3vPUga9zWSUtzn0Lsy0RBBL44h92/hyLerTs2ZAM4TtyBVUKDh219eKHDGSaIxQ0p1XSfVvRxJTTEjo4qXKZIiPEAx6RqaIE5UL58cMoKHRglhJKR5iYYT9XciR1ypIQ/MJEe6r2a9sfif1810dNbLaZJmmiR4uijKGNQCjluBIZUEazY0BGFJzV8h7iOJsDbdVUwJ7uzJ86R1XHOdmnt9Uq2fF3WUwR44AEfABaegDi5BAzQBBo/gGbyCN+vJerHerY/paMkqMrvgD6zPH0xNmXo=</latexit><latexit sha1_base64="dbL6bVivUoAI7L5tA3mIqXx43kE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLAwMRaIPqakix3FSq3YcbAeooo4s/AoLAwix8gls/A1umwFajmTp6Jx7dH1PkDKqtON8W6WFxaXllfJqZW19Y3PL3t5pKZFJTJpYMCE7AVKE0YQ0NdWMdFJJEA8YaQeDi7HfviNSUZHc6GFKehzFCY0oRtpIvr3vPUga9zWSUtzn0Lsy0RBBL44h92/hyLerTs2ZAM4TtyBVUKDh219eKHDGSaIxQ0p1XSfVvRxJTTEjo4qXKZIiPEAx6RqaIE5UL58cMoKHRglhJKR5iYYT9XciR1ypIQ/MJEe6r2a9sfif1810dNbLaZJmmiR4uijKGNQCjluBIZUEazY0BGFJzV8h7iOJsDbdVUwJ7uzJ86R1XHOdmnt9Uq2fF3WUwR44AEfABaegDi5BAzQBBo/gGbyCN+vJerHerY/paMkqMrvgD6zPH0xNmXo=</latexit><latexit sha1_base64="dbL6bVivUoAI7L5tA3mIqXx43kE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLAwMRaIPqakix3FSq3YcbAeooo4s/AoLAwix8gls/A1umwFajmTp6Jx7dH1PkDKqtON8W6WFxaXllfJqZW19Y3PL3t5pKZFJTJpYMCE7AVKE0YQ0NdWMdFJJEA8YaQeDi7HfviNSUZHc6GFKehzFCY0oRtpIvr3vPUga9zWSUtzn0Lsy0RBBL44h92/hyLerTs2ZAM4TtyBVUKDh219eKHDGSaIxQ0p1XSfVvRxJTTEjo4qXKZIiPEAx6RqaIE5UL58cMoKHRglhJKR5iYYT9XciR1ypIQ/MJEe6r2a9sfif1810dNbLaZJmmiR4uijKGNQCjluBIZUEazY0BGFJzV8h7iOJsDbdVUwJ7uzJ86R1XHOdmnt9Uq2fF3WUwR44AEfABaegDi5BAzQBBo/gGbyCN+vJerHerY/paMkqMrvgD6zPH0xNmXo=</latexit><latexit sha1_base64="dbL6bVivUoAI7L5tA3mIqXx43kE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLAwMRaIPqakix3FSq3YcbAeooo4s/AoLAwix8gls/A1umwFajmTp6Jx7dH1PkDKqtON8W6WFxaXllfJqZW19Y3PL3t5pKZFJTJpYMCE7AVKE0YQ0NdWMdFJJEA8YaQeDi7HfviNSUZHc6GFKehzFCY0oRtpIvr3vPUga9zWSUtzn0Lsy0RBBL44h92/hyLerTs2ZAM4TtyBVUKDh219eKHDGSaIxQ0p1XSfVvRxJTTEjo4qXKZIiPEAx6RqaIE5UL58cMoKHRglhJKR5iYYT9XciR1ypIQ/MJEe6r2a9sfif1810dNbLaZJmmiR4uijKGNQCjluBIZUEazY0BGFJzV8h7iOJsDbdVUwJ7uzJ86R1XHOdmnt9Uq2fF3WUwR44AEfABaegDi5BAzQBBo/gGbyCN+vJerHerY/paMkqMrvgD6zPH0xNmXo=</latexit>

m2
af

2
a ⇡ mqh ̄ i ⇠ m2

⇡f
2
⇡

<latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit><latexit sha1_base64="plRCbzJ78QuxjPvnIGnCr8UV60w=">AAACNHicbVDLSgMxFM3UV62vqks3wSK4KjNF0KXoRnBTwT6gU4c7aaYGk0xMMmIpfpQbP8SNCC4Uces3mE5n4etCbg7nnkNyT6w4M9b3n73SzOzc/EJ5sbK0vLK6Vl3faJs004S2SMpT3Y3BUM4kbVlmOe0qTUHEnHbiq+PJvHNDtWGpPLcjRfsChpIljIB1VFQ9FRFcNHCS9xCU0uktFtE1DjnIIac4jEHjUBlWNF3QhgmnCxXL3fkdVWt+3c8L/wVBAWqoqGZUfQwHKckElZZwMKYX+Mr2x6AtI5zeVcLMUAXkCoa056AEQU1/nC99h3ccM8BJqt2RFufsd8cYhDEjETulAHtpfs8m5H+zXmaTg/6YSZVZKsn0oSTj2KZ4kiAeME2J5SMHgGjm/orJJWgg1uVccSEEv1f+C9qNeuDXg7O92uFREUcZbaFttIsCtI8O0QlqohYi6B49oVf05j14L9679zGVlrzCs4l+lPf5BRTGqeQ=</latexit>

Choi, Kang, Kim, “Effects of eta’ in 
Low Energy Axion Physics,” (1986)
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Another Massless Quark

�34

1

↵diag(µ)
=

1

↵6(µ)
+

1

↵0(µ)
<latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit>

µ = ⇤CUT
<latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit>

↵c(⇤CUT ) = ↵6(⇤CUT )
<latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit>

 

 

SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

The new massless quark

 

❖ Goal:                 confines at a higher scale thanSU(3)diag
<latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit>

SU(3)c
<latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit>
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Axion and a     .Z2
<latexit sha1_base64="xxv403l1j6aBKW+d94iCK2rDjgM="></latexit><latexit sha1_base64="xxv403l1j6aBKW+d94iCK2rDjgM="></latexit><latexit sha1_base64="xxv403l1j6aBKW+d94iCK2rDjgM="></latexit><latexit sha1_base64="xxv403l1j6aBKW+d94iCK2rDjgM="></latexit>

❖ Complete       copy of the SM

❖ Set up one Higgs VEV to be very 
large:

❖ A single axion VEV can cancel 
both     angles

Z2
<latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit><latexit sha1_base64="4NDyJTA4GAPRZKFe0OmstYmHCkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe2oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/9iv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDfcY2D</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

m0
q � mq

<latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit><latexit sha1_base64="2yV8s6GdtYtmQycflVtDfp0qnGU=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuiozIuiy6MZlBXuBzlAyaWYammSmSUYoQ1/DjQtF3Poy7nwb03YW2vpD4OM/53BO/jDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqK2TTBHaIglPVDfEmnImacsww2k3VRSLkNNOOLqb1TtPVGmWyEczSWkgcCxZxAg21vJFf3yO/DhGFvrVmlt350Kr4BVQg0LNfvXLHyQkE1QawrHWPc9NTZBjZRjhdFrxM01TTEY4pj2LEguqg3x+8xSdWWeAokTZJw2au78nciy0nojQdgpshnq5NjP/q/UyE90EOZNpZqgki0VRxpFJ0CwANGCKEsMnFjBRzN6KyBArTIyNqWJD8Ja/vArty7rn1r2Hq1rjtoijDCdwChfgwTU04B6a0AICKTzDK7w5mfPivDsfi9aSU8wcwx85nz/9fpD9</latexit>

⇤0
QCD � ⇤QCD

<latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit><latexit sha1_base64="/TAP+kmCfGnMonT/dMgLy4w4q08=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFdlUQEXRbrwoWLFuwDmhAmk0k7dPJgZiKU0K0bf8WNC0Xc+gfu/BunbQRtPTBwOOdc7tzjp5xJZVlfxtLyyuraemmjvLm1vbNr7u23ZZIJQlsk4Yno+lhSzmLaUkxx2k0FxZHPaccf1id+554KyZL4To1S6ka4H7OQEay05JnIudXhAJ94ebN+PUZOv/8jzRTPrFhVawq0SOyCVKBAwzM/nSAhWURjRTiWsmdbqXJzLBQjnI7LTiZpiskQ92lP0xhHVLr59JIxOtZKgMJE6BcrNFV/T+Q4knIU+ToZYTWQ895E/M/rZSq8dHMWp5miMZktCjOOVIImtaCACUoUH2mCiWD6r4gMsMBE6fLKugR7/uRF0j6r2lbVbp5XaldFHSU4hCM4BRsuoAY30IAWEHiAJ3iBV+PReDbejPdZdMkoZg7gD4yPb7wjmRQ=</latexit>

Z. Berezhiani, L. Gianfagna, M. Giannotti, “Strong CP problem and mirror 
world: the Weinberg Wilczek axion revisited,” Phys.Lett.B500 (2001)
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⇡ + ⇤04

QCD
<latexit sha1_base64="m7Zy4uh+g6ftcae+qrvftkdEBEU="></latexit><latexit sha1_base64="m7Zy4uh+g6ftcae+qrvftkdEBEU="></latexit><latexit sha1_base64="m7Zy4uh+g6ftcae+qrvftkdEBEU="></latexit><latexit sha1_base64="m7Zy4uh+g6ftcae+qrvftkdEBEU="></latexit>

v0 � v
<latexit sha1_base64="LJ9bpQphjpIk81fs1hIvcPckXb4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cK9gPaUDbbSbp0s4m7m0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwbua3Rqg0T+SjGafoxzSSPOSMGiu1R+ekG0Vk1CtX3Ko7B1klXk4qkKPeK391+wnLYpSGCap1x3NT40+oMpwJnJa6mcaUsiGNsGOppDFqfzK/d0rOrNInYaJsSUPm6u+JCY21HseB7YypGehlbyb+53UyE974Ey7TzKBki0VhJohJyOx50ucKmRFjSyhT3N5K2IAqyoyNqGRD8JZfXiXNy6rnVr2Hq0rtNo+jCCdwChfgwTXU4B7q0AAGAp7hFd6cJ+fFeXc+Fq0FJ585hj9wPn8AANWPRw==</latexit><latexit sha1_base64="LJ9bpQphjpIk81fs1hIvcPckXb4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cK9gPaUDbbSbp0s4m7m0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwbua3Rqg0T+SjGafoxzSSPOSMGiu1R+ekG0Vk1CtX3Ko7B1klXk4qkKPeK391+wnLYpSGCap1x3NT40+oMpwJnJa6mcaUsiGNsGOppDFqfzK/d0rOrNInYaJsSUPm6u+JCY21HseB7YypGehlbyb+53UyE974Ey7TzKBki0VhJohJyOx50ucKmRFjSyhT3N5K2IAqyoyNqGRD8JZfXiXNy6rnVr2Hq0rtNo+jCCdwChfgwTXU4B7q0AAGAp7hFd6cJ+fFeXc+Fq0FJ585hj9wPn8AANWPRw==</latexit><latexit sha1_base64="LJ9bpQphjpIk81fs1hIvcPckXb4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cK9gPaUDbbSbp0s4m7m0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwbua3Rqg0T+SjGafoxzSSPOSMGiu1R+ekG0Vk1CtX3Ko7B1klXk4qkKPeK391+wnLYpSGCap1x3NT40+oMpwJnJa6mcaUsiGNsGOppDFqfzK/d0rOrNInYaJsSUPm6u+JCY21HseB7YypGehlbyb+53UyE974Ey7TzKBki0VhJohJyOx50ucKmRFjSyhT3N5K2IAqyoyNqGRD8JZfXiXNy6rnVr2Hq0rtNo+jCCdwChfgwTXU4B7q0AAGAp7hFd6cJ+fFeXc+Fq0FJ585hj9wPn8AANWPRw==</latexit><latexit sha1_base64="LJ9bpQphjpIk81fs1hIvcPckXb4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cK9gPaUDbbSbp0s4m7m0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8Hwbua3Rqg0T+SjGafoxzSSPOSMGiu1R+ekG0Vk1CtX3Ko7B1klXk4qkKPeK391+wnLYpSGCap1x3NT40+oMpwJnJa6mcaUsiGNsGOppDFqfzK/d0rOrNInYaJsSUPm6u+JCY21HseB7YypGehlbyb+53UyE974Ey7TzKBki0VhJohJyOx50ucKmRFjSyhT3N5K2IAqyoyNqGRD8JZfXiXNy6rnVr2Hq0rtNo+jCCdwChfgwTXU4B7q0AAGAp7hFd6cJ+fFeXc+Fq0FJ585hj9wPn8AANWPRw==</latexit>

➡ axion mass is  ~⇤0
QCD

<latexit sha1_base64="qJoXd7jNkd3W0+BbE/BCGdLnd70=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlUQEXRbrwoWLFuwDmhAmk2k7dPJg5kYMof6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3jp8IrsCyvo2V1bX1jc3SVnl7Z3dv3zw47Kg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrjxtTv/vApOJxdA9ZwtyQDCM+4JSAljyz4tzpcEA8B9gj5K3GzeTUM6tWzZoBLxO7IFVUoOmZX04Q0zRkEVBBlOrbVgJuTiRwKtik7KSKJYSOyZD1NY1IyJSbz46f4BOtBHgQS/0iwDP190ROQqWy0NfJkMBILXpT8T+vn8Lgys15lKTAIjpfNEgFhhhPm8ABl4yCyDQhVHJ9K6YjIgkF3VdZl2AvfnmZdM5rtlWzWxfV+nVRRwkdoWN0hmx0ieroFjVRG1GUoWf0it6MJ+PFeDc+5tEVo5ipoD8wPn8APjuUfQ==</latexit><latexit sha1_base64="qJoXd7jNkd3W0+BbE/BCGdLnd70=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlUQEXRbrwoWLFuwDmhAmk2k7dPJg5kYMof6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3jp8IrsCyvo2V1bX1jc3SVnl7Z3dv3zw47Kg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrjxtTv/vApOJxdA9ZwtyQDCM+4JSAljyz4tzpcEA8B9gj5K3GzeTUM6tWzZoBLxO7IFVUoOmZX04Q0zRkEVBBlOrbVgJuTiRwKtik7KSKJYSOyZD1NY1IyJSbz46f4BOtBHgQS/0iwDP190ROQqWy0NfJkMBILXpT8T+vn8Lgys15lKTAIjpfNEgFhhhPm8ABl4yCyDQhVHJ9K6YjIgkF3VdZl2AvfnmZdM5rtlWzWxfV+nVRRwkdoWN0hmx0ieroFjVRG1GUoWf0it6MJ+PFeDc+5tEVo5ipoD8wPn8APjuUfQ==</latexit><latexit sha1_base64="qJoXd7jNkd3W0+BbE/BCGdLnd70=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlUQEXRbrwoWLFuwDmhAmk2k7dPJg5kYMof6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3jp8IrsCyvo2V1bX1jc3SVnl7Z3dv3zw47Kg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrjxtTv/vApOJxdA9ZwtyQDCM+4JSAljyz4tzpcEA8B9gj5K3GzeTUM6tWzZoBLxO7IFVUoOmZX04Q0zRkEVBBlOrbVgJuTiRwKtik7KSKJYSOyZD1NY1IyJSbz46f4BOtBHgQS/0iwDP190ROQqWy0NfJkMBILXpT8T+vn8Lgys15lKTAIjpfNEgFhhhPm8ABl4yCyDQhVHJ9K6YjIgkF3VdZl2AvfnmZdM5rtlWzWxfV+nVRRwkdoWN0hmx0ieroFjVRG1GUoWf0it6MJ+PFeDc+5tEVo5ipoD8wPn8APjuUfQ==</latexit><latexit sha1_base64="qJoXd7jNkd3W0+BbE/BCGdLnd70=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFdlUQEXRbrwoWLFuwDmhAmk2k7dPJg5kYMof6KGxeKuPVD3Pk3TtsstPXAwOGcc7l3jp8IrsCyvo2V1bX1jc3SVnl7Z3dv3zw47Kg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrjxtTv/vApOJxdA9ZwtyQDCM+4JSAljyz4tzpcEA8B9gj5K3GzeTUM6tWzZoBLxO7IFVUoOmZX04Q0zRkEVBBlOrbVgJuTiRwKtik7KSKJYSOyZD1NY1IyJSbz46f4BOtBHgQS/0iwDP190ROQqWy0NfJkMBILXpT8T+vn8Lgys15lKTAIjpfNEgFhhhPm8ABl4yCyDQhVHJ9K6YjIgkF3VdZl2AvfnmZdM5rtlWzWxfV+nVRRwkdoWN0hmx0ieroFjVRG1GUoWf0it6MJ+PFeDc+5tEVo5ipoD8wPn8APjuUfQ==</latexit>
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❖ The CP-Conserving minimum is
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❖ Rewriting with the axion fields expanded about their minima:
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